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Introduction
The degree of integration of international financial markets is a topic often investigated in the literature given its importance for portfolio management strategies, strong links implying limited diversification benefits for international investors. Financial stability can also be affected, and therefore policy-makers are also very interested in financial integration. A number of measures have been used, such as cross-correlations (see, e.g., Koedijk et al., 2002 and Longin and Solnik, 1995) , volatility spillovers (see, e.g., Susmel, 1993, and Ng, 2000) etc., as well as a variety of econometric approaches, including GARCH modelling (see, e.g., Hamao et al., 1990 and Bekaert et al., 2005) , and cointegration analysis (see, e.g., Kasa, 1992 and Richards, 1995) . More recently, Forbes and Rigobon (2002) have distinguished between interdependence, i.e. existing cross-market linkages, and contagion, which in their definition only occurs if such linkages become stronger in crisis periods (see also Caporale et al., 2005) .
Most empirical studies have focused in the past on developed markets (see, e.g., Francis and Leachman, 1998). However, as a result of the process of EU enlargement, more research efforts have been spent in recent years to analyse the progress made in the Central and Eastern European countries (CEECs) towards financial integration with the developed EU member states, for a variety of reasons. In particular, efficient financial integration is crucial both for the accession process itself and the long-term performance of the EU as a whole.
Further, the financial crises affecting other emerging markets in Asia and Latin America in the 1990s had led to higher foreign investment in the CEECs, and therefore the question has arisen whether closer financial integration with the developed EU countries would reduce the benefits of portfolio diversification.
Following the removal of restrictions on capital flows and the opening up to foreign investors, the creation of appropriate corporate governance structures and the establishment of ownership rights, both market capitalisation and daily trading volumes increased rapidly in the CEECs during the transition (see Egert and Kocenda, 2007) . They also acquired weak market efficiency (see Bohl et al., 2006) . Moreover, trade links with the EU also became considerably stronger, leading to further economic integration by the time of the formal accession of the CEECs to the EU in May 2004 (see IMF, 2005) . However, the size of equity markets in these countries is still relatively small compared with developed ones, and they tend to exhibit higher volatility, possibly because of their sensitivity even to relatively small portfolio adjustments, as argued by Egert and Kocenda (2007) .
The existing evidence on their financial integration is mixed. Linne (1998) found linkages between the CEEC markets themselves, but not with the developed countries. No relationship with the US or Germany was found by McManus (2002, 2003) either, and no convergence of the CEEC markets towards the developed ones was detected by Serwa and Bohl (2003) . By contrast, MacDonald (2001) reported long-run co-movement with some developed markets (US, UK and Germany), and Syriopoulos (2007) also concluded that the CEEC markets are more strongly linked with the mature economies than amongst themselves. Jochum et al. (1999) reported that the Russian 1997-1998 crisis affected the degree of integration between financial markets in Poland, Hungary and the Czech Republic, these markets ceasing to be linked to both the Russian and US ones after the crisis. Verchenko Other studies point out that linkages between equity markets might be time-varying. 
The model
We model the joint process governing stock market returns indices in three CEECs, Russia and the UK using a tri-variate VAR-GARCH(1,1)-in-mean framework 1 . The model has the following specification:
where
is the GARCH-in-mean vector. We control for monetary policy shocks by including in the mean equation the domestic 90-day Treasury Bill interest rate. Furthermore, exogenous shocks measured by US stock market returns, f t−1 = (T Bill Interest t−1 , us ret t−1 ), are also included as a proxy for market globalisation, enabling us to distinguish between worldwide and regionspecific developments driving financial integration. The residual vector u t = (e 1,t , e 2,t , e 3,t )
is tri-variate and normally distributed u t | I t−1 ∼ (0, H t ) with its corresponding conditional variance covariance matrix given by:
The parameter vector of the mean return equation ( parameter matrices for the variance Equation (2) are defined as C 0 , which is restricted to be upper triangular, and two unrestricted matrices A 11 and G 11 . In order to account for the possible effects of the introduction of the euro (January 1999) and of the EU accession (May 2004), we include two dummy variables (denoted by * and * * respectively). Therefore, the second moment will take the following form 2 : 
Given a sample of T observations, a vector of unknown parameters θ and a 3 × 1 vector of variables x t , the conditional density function for model (1) is:
The log-likelihood function is:
where θ is the vector of unknown parameters. Standard errors are calculated using the quasi-maximum likelihood methods of Bollerslev and Wooldridge (1992) , which is robust to the distribution of the underlying residuals.
Empirical results
We use weekly data (from Datastream) for three CEEC countries (Czech Republic, Hungary We select the optimal lag length of the mean equation using the Schwarz information criterion. The parameter estimates for the conditional means suggest statistically significant spillovers-in-mean at the standard 5% significance level. In particular, spillovers originating from Russia are bigger than those from the UK (β 13 h β 12 ) for all countries considered.
Concerning the conditional variance equations, the estimated "own-market" coefficients are statistically significant and the estimates of g 11 suggest a high degree of persistence. The VAR-GARCH(1,1)-in-mean framework also allows us to analyse by means of Wald tests on the relevant parameters the validity of several other hypotheses, specifically (i) the presence of spillovers from Russian (a 21 = g 21 = 0) and UK (a 31 = g 31 = 0) stock return volatilities to the CEEC ones (interdependence); (ii) the effect of Russian (a * 21 = g * 21 = 0) and UK (a * 31 = g * 31 = 0) stock return volatilities on the CEEC ones after the introduction of the euro (contagion), and (iii) the effect of Russian (a * * 21 = g * * 21 = 0) and UK (a * * 31 = g * * 31 = 0) stock return volatilities on the CEEC ones after the EU accession (contagion). Therefore, volatility spillovers from Russia and the UK to the CEEC markets are reflected in the parameters a 21 and g 21 , and a 31 and g 31 , respectively; a * 21 and g * 21 , and a * 31 and g * 31 capture shifts in these parameters after the introduction of the euro, whereas a * * 21 and g * * 21 , and a * * 31 and g * * 31 capture shifts after the EU accession date, both of which can be seen as contagion. telecom (11%); for Russia, energy (40%), banking (25%) and telecom (9%); finally, for UK, energy (21%), banking (18%), mining (11%) and telecom (8%). In particular, for Czech Republic, energy (20%), banking (25%) and telecom (18%); for Hungary, pharmaceutical (35%), chemical (15%) and banking (11%); for Poland, energy (16%), banking (22%) and telecom (11%); Russia, energy (40%), banking (25%) and telecom (9%);
and finally for UK, energy (21%), banking (18%), mining (11%) and telecom (8%).
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The results reported in Tables 1-3 Overall, we find that spillovers running from the UK are bigger than those originating from Russia (a 21 h a 31 ) for all countries considered. At the same time, there is no evidence of volatility spillovers from the CEEC towards the Russian and UK stock markets 4 . Also, the exogenous variables considered are statistically significant for all three CEECs, indicating a negative δ 12 (TBill interest rate) and positive δ 13 (US stock returns) effect, as we would expect.
Finally, there is also evidence of integration (interdependence), as shown by the conditional correlations of these markets (Figure 1 ) derived from the BEKK-GARCH model. In particular, the correlations are positive over the whole sample. The marked increase in all pairwise correlations (but for Hungary) after 2004 both with Russia and the UK once again suggests a change in the transmission mechanism and can be interpreted as contagion 5 . Interestingly, the degree of integration is bigger with the UK than with Russia (ρ 12,t hρ 13,t ) for all three countries. 4 These results, not significant at the standard 5% significance level, are not reported. 5 Another explanation of increasing linkages could be the dual listing of (mostly) energy, telecom and banking companies (see ). 8 
Conclusions
This paper has analysed financial linkages between three CEEC countries (Czech Republic, Hungary and Poland) and both the UK and Russia using a VAR-GARCH(1,1)-in-mean framework. The estimated model has allowed us to distinguish between interdependence and contagion in the form of possible effects of the introduction of the euro and EU accession on existing volatility spillovers. By controlling for market globalisation, we are also able to attribute changes in the degree of integration to region-specific rather than worldwide factors.
The analysis provides a number of interesting insights. In particular, it suggests that there is significant co-movement (interdependence) between stock markets in the three CEEC countries considered and both the UK and Russian ones. More in detail, spillovers from Russia and the UK influence the dynamics of the conditional variance of returns in the three CEEC stock markets examined, but there are no volatility spillovers in the opposite direction. These results differ to some extent from those of Egert and Kocenda (2007) , who (using intraday data) find evidence of volatility spillovers from the CEEC markets to the EU ones, but are in line with their finding of no spillovers in mean in the same direction. Interestingly, there is evidence of shifts in the spillover parameters after the introduction of the euro and EU acces- It is noteworthy that our finding of sizeable and statistically significant dynamic correlations at a weekly frequency is in contrast to the evidence reported by Egert and Kocenda (2009) for the EU markets on the basis of intra-day data: at such a frequency a high degree of synchronisation is found between "old" EU markets, whilst the "new" ones appear to be 6 Increasing correlations with developed markets were also reported by Gelos and Sahay (2000) and ChelleySteely (2005). 9 totally disconnected.
Our results have important implications for portfolio management strategies. First, hedge funds and institutional investors should be cautious in considering CEEC stock returns for diversification purposes when forming a portfolio including Russian and UK stock returns as well. Second, it appears that the EU accession has further reduced the benefits of portfolio diversification, since it has resulted in a much higher degree of integration, in particular with the UK. Including all the CEEC stock markets in the analysis would provide further evidence on the possible benefits of portfolio diversification. The factors behind stock market integration could also be investigated (for instance, the role of macroeconomic announcements has been analysed by ). These constitute interesting topics for future research, but are beyond the scope of the present study. 
